INTRODUCTION {#sec1-1}
============

Oncogene activation leading to the overstimulation of cell growth as a cause of Cancer.

We often hear it said that all the billions spent on the "war on cancer" was essentially wasted, as death rates from metastatic cancer have changed little since the war was declared 42 years ago under President Nixon\'s National Cancer Act. It is accepted that long-term survival, once a cancer metastasizes, is no more than 5--10% despite intensive chemotherapy and radiotherapy -- a pretty dismal conclusion to a 40-year war.\[[@ref32]\]

Much of the research was directed at cancer cell biology, in particular genetics and cell-signaling mechanisms. Based on early research, it was assumed that most cells in the body, under particular conditions, could transform into immortalized cancer cells through a specific gene-directed process. Oncogenes, as the paradigm concluded, were either mutated or overexpressed leading to excessive stimulation of cell cycling and growth signals and/or suppression of cancer suppressor signals -- the bottom-line being that somatic cells had lost growth restraint signals and were transformed into cancer cells.

Further, it was assumed that carcinogenic agents affected cell signaling and their carcinogenicity was based on their effects on oncogenes, which could occur by a number of mechanisms. Based on this theory of carcinogenesis, chemotherapeutic treatments were mostly directed at controlling cell cycling, induction of apoptosis and reducing cell growth signaling.

WILL CANCER TREATMENT UNDERGO A PARADIGM SHIFT? {#sec1-2}
===============================================

Consideration of the role of inflammation in cancer {#sec2-1}
---------------------------------------------------

Sarah Crawford in a series of important papers asks this critical question based on a considerable amount of research that indicates conventional treatments have failed to live up to early promises and that new discoveries suggest that we may have been following an incorrect paradigm.\[[@ref31][@ref32]\] That is, most conventional treatments do not prolong the life of patients with metastatic cancers making up the major aggressive types, but rather produce short-term improvements of survival and that perhaps directing treatment at the main cause of malignancy -- inflammation and stem cells -- treatments may be more fruitful.

In this paper, I have reviewed some of these studies. What we have learned is that central to all cancers is inflammation and that the cell processes involved in inflammation not only are responsible for initiation of the cancer, but also persist during its growth and play a central role throughout every phase of the cancer\'s existence, including progression, invasion, angiogenesis, and metastasis \[[Figure 1](#F1){ref-type="fig"}\].

![Tumor Microenvironment: The role of inflammation](SNI-6-92-g001){#F1}

The role of short term and chronic inflammation in cancer and disease {#sec2-2}
---------------------------------------------------------------------

While short-term inflammation is rarely associated with cancer induction, chronic smoldering inflammation, as seen with a large number of disorders, is almost always linked to carcinogenesis.\[[@ref35][@ref98]\] All carcinogenic agents and conditions, such as chemicals, obesity, hyperglycemia, persistent infections, autoimmune diseases, and carcinogenic heavy metals, promote inflammation. Carcinogenic viruses, such as human papillomavirus (HPV-cervical carcinoma), herpes virus (lymphoma), hepatitis B and C (hepatocarcinoma), cytomegalovirus (glioblastoma), and *Helicobacter pylori* (gastric cancer), produce cancer by inducing chronic inflammation.\[[@ref109]\]

Common molecular signaling pathways in cancer {#sec2-3}
---------------------------------------------

What all of these carcinogenic events have in common is that they activate two main cell-signaling molecules -- nuclear factor kappa (NFκB) and signal transducer and activator of transcription-3 (STAT3).\[[@ref104]\] Both of these transcription molecules are linked to inflammatory gene activation and to genes controlling cell growth factors, angiogenesis, and cytokine/chemokine regulation.\[[@ref70][@ref72][@ref104]\] They are also linked to a great number of other cell signaling pathways playing a critical role in cancer behavior.

The NFκB and STAT3 pathways are central pathways in both inflammation and tumorigenesis. Both are activated by a wide assortment of tumor-associated events, such as growth factors (epidermal growth factor \[EGF\]), hypoxia, acidic microenvironment, hyperglycemia (diabetes and insulin resistance), and proinflammatory cytokines (TNF-α). In fact, TNF-α is one of the most powerful activators of NFκB, which explain the strong association found between high levels of TNF-α and the aggressive behavior of several cancers, such as glioblastomas, head and neck squamous cell cancer, mantle cell lymphoma and acute myeloid leukemia, and others.\[[@ref30][@ref62][@ref111][@ref113][@ref163]\]

Growth factors, such as EGF and growth receptors, such as HER2 and EGFR, are universally activated in a variety of cancers and they also activate NFκB.\[[@ref2][@ref46]\] Growth factors, in addition, activate STAT3.\[[@ref2]\]

The proinflammatory cytokine IL-6, a major growth factor in prostate and other cancers, activates both NFκB and STAT3. NFκB is also a major controller of IL-6 production, a major cancer growth factor.\[[@ref85][@ref104]\] Interestingly, NFκB is linked to most tumorigenic genes, including cFLIP, Bcl-sl, Bcl-2, and survivin. It is also linked to genes controlling other carcinogenic pathways, such as cyclinD1, c-myc, cyclooxygenase-2, metalloproteinase, vascular endothelial growth factor, CXCR4, and TWIST.\[[@ref64]\] These cell signaling mechanism control tumor proliferation, invasion, and metastasis.

An explanation for resistance of cancer to radiation and chemotherapy {#sec2-4}
---------------------------------------------------------------------

Of major interest is that activation of NFκB plays a major role in resistance to chemotherapy and radiation therapy.\[[@ref148]\] It appears to promote this resistance by controlling the expression of P-glycoprotein, the multidrug resistance (MDR) factor that expels chemotherapeutic agents from cancer cells.\[[@ref148]\] Ironically, most chemotherapy agents, such as paclitaxel, vinblastine, vincristine, doxorubicin, daunomycin, 5-fluorouricil, cisplatin, and tamoxifen activate NFκB, and it is thought that this plays a major role in resistance to these modalities of treatment. That is, the chemotherapy agent itself is initiating chemoresistance. Radiation is also a powerful activator of NFκB.\[[@ref94]\] Essentially, conventional treatments, such as chemotherapy and radiation treatments, are fairly efficient in eliminating the daughter cells produced by the cancer stem cells, but rarely kill the cancer stem cells themselves. Studies have shown that implantation of the daughter cancer cells are rarely successful in producing cancers when transplanted to test animals, yet implantation of as few as 100 cancer stem cells can induce growth and invasion of malignant tumor cell implants.\[[@ref110][@ref114]\]

Reactive oxygen and nitrogen species as the initiator of the cancer cascade {#sec2-5}
---------------------------------------------------------------------------

Within the microenvironment of the stem cells, before conversion to cancer stem cells, one witnesses a transition of the stem cell niche into an area of high concentrations of reactive oxygen species (ROS) and reactive nitrogen species (RNS), lipid peroxidation products (LPPs) and inflammatory cytokines and chemokines.\[[@ref83][@ref98]\] This inflammatory change can occur because of chronic systemic inflammatory illnesses, such as autoimmune diseases (colitis, gastritis, hepatitis), diet or persistent viral infections. The inflammation can also develop locally within the niche itself without systemic inflammation. The cancer itself becomes a source of inflammation because of its antigenicity and destruction of cells within the region of the tumor. Because inflammation and associated free radical accumulation persist throughout the lifetime of the cancer it also affects tumor behaviors concerned with long-term survival of the cancer, such as invasion and metastasis.\[[@ref83][@ref98]\]

The cancer stem cell, its microenvironment and inflammation: effects on cancer biology {#sec2-6}
--------------------------------------------------------------------------------------

As basic research further expanded our understanding of the biology of the cancer process, a different story began to appear. Ironically, it was a story that had been suggested almost 150 years ago by pathologist Rudolph Virchow.\[[@ref11]\] What has changed is the concept of the cell of origin of all cancers and the central importance of the microenvironment surrounding these cells. It now appears that inflammation is essential to not only cancer induction by its mutagenic effects on stem cell DNA, but also that the subsequent long-term behavior of these tumors is, to a large degree, determined by the tumor\'s microenvironment.\[[@ref83]\]

The frequent association of various tumor types with known chronic inflammatory diseases suggested that inflammation was playing an essential role in cancer biology. For example, colon cancer risk was associated with inflammatory bowel diseases, such as ulcerative colitis and Crohn\'s disease; pancreatitis with pancreatic cancer; obesity with breast cancer; gastric reflux with esophageal cancer and Schistosmoma infections with bladder cancer. Further support came from the observation that certain antiinflammatory drugs not only reduced the risk of cancer development but also reduced recurrence, metastasis and tumor size.\[[@ref7][@ref12][@ref23][@ref54]\]

CANCER STEM CELLS AND STEMNESS {#sec1-3}
==============================

Early hypotheses on the genesis of tumors from dormant cells, trophoblasts {#sec2-7}
--------------------------------------------------------------------------

One of the most important discoveries in cancer biology is one that actually surfaced over 100 years ago. And that is the idea that uncommitted cells lying dormant throughout the body are the source of most cancers.\[[@ref154]\] Until fairly recently, this idea was lost among a sea of studies and accumulation of data concerning oncogenes and gene-related cell signaling. It briefly arose again in a series of papers by John Beard written from 1905 to 1911 in which he proposed that embryonic trophoblast were scattered throughout the tissues and organs or they represented dedifferentiated somatic cells and that certain events could reactivate these uncommitted cells to produce cancerous tumors.\[[@ref19][@ref49][@ref92]\]

Unfortunately, his ideas soon fell into oblivion. I say unfortunately, because so much time was lost examining other theories that did not lead to treatments that could make a significant impact against the major killer cancers.

STEM CELL HYPOTHEIS OF CANCER {#sec1-4}
=============================

Cancerous tumors are said to represent aberrant attempts to produce organs and contain heterogenous populations of cells that differ in their accumulated mutations and degree of differentiation.\[[@ref20][@ref162]\] One would think that based on this observation alone, one would consider uncommitted, embryonic-like cells as the source of these aberrant organs.

Considerable evidence suggests that cancer stem cells closely resemble stem cells themselves.\[[@ref147][@ref162]\] The main characteristic of both stem cells and cancer stem cells is their ability for self-renewal, which gives them a lifetime existence.\[[@ref147]\] Key to their survival is their ability to block apoptosis and this is mainly accomplished by increased expression of the antiapoptotic factor bcl-2.

Because stem cells can exist for a lifetime they are vulnerable to varying episodes of attack by ROS/RNS as well as LPPs, such as 4-hydroxynonenal and acrolein.\[[@ref117][@ref166]\] Generation of these harmful molecules can be frequently intense during one\'s lifespan. For example, during periods of infections, trauma, stress, chronic illness, exposure to chemical toxic substances and even by eating a poor diet one may experience intense generation of these harmful particles. Aging itself is associated with a progressive increase in the generation of free radicals and LPPs.\[[@ref16]\]

Exposure of these stem cells' DNA to intense or prolonged, unrepaired assaults by ROS/RNS and LPPs can produce varying degrees of genetic mutations that over time can convert a somatic stem cell into a cancer stem cell.\[[@ref97][@ref98]\] Once converted, the cancer stem cell would produce increasing numbers of uncommitted progenitor cells that would rapidly produce more mature daughter cells giving the aberrant organ architecture of the tumor. In other words, the cancer stem cells undergo self-renewal (duplicating more cancer stem cells) as well as generating great numbers of daughter cells. One can see that the microenvironment of the stem cell niche would be a powerful determining factor on the makeup of the bulk of the tumor. A principally inflammatory microenvironment, even locally, would expose the stem cells to intense oxidant DNA damage.

The literature on cancer stem cells speaks of stemness, indicating that certain influences can alter progenitor cells to revert back to stem cells or cancer stem cells, depending on the conditions. Normally, progenitor cells are less likely to produce tumor formation, as they proliferate for a shorter time before terminally differentiating.\[[@ref110]\] When alteration of progenitor cells toward cancer stem cell morphology does occur, it is referred to as induction of stemness.

One of the important findings is that cancer stem cells generally make up only a very small proportion of the cellular structure of the tumor; most cells being daughter cells derived from the cancer stem cells.\[[@ref162]\] A large number of these daughter cells are nontumorigenic and can even metastasize to distant locations without producing true cancers.\[[@ref114]\] It may be that only the spreading of actual cancer stem cells can produce tumorigenic metastasis.\[[@ref110]\]

Cancer stem cells are isolated using flow cytometry according to the expression pattern of surface markers such as CD24, CD44, and CD133.\[[@ref4]\] *In vitro*, they will grow indefinitely as spheres and are tumorigenic *in vivo*. In serum-free cultures, cancer stem cells characteristically form sphere bodies.\[[@ref162]\]

The first isolation of cancer stem cells from a solid tumor was from breast cancer.\[[@ref4]\] Less than 5% of the cells within the tumor expressed CD44, characteristic of these particular cancer stem cells.\[[@ref4]\] Interestingly, less than 100 cells with this phenotype were able to form tumors in implanted immunocompromised mice.\[[@ref101]\] In mouse models of leukemia, only 1 in 10,000 to 1 in 100 of the cancer cells can form colonies characteristic of tumorigenic cells.\[[@ref101]\] For solid tumors, only 1 in 1000 to 1 in 5000 lung, ovarian cancer or neuroblastoma cells were found to have characteristics of tumorigenic cells.\[[@ref50]\] Melanoma stem cells, unlike the other cells taken from the same tumor (not having the stem cell marker CD271), are able to maintain tumor growth *in vivo*.\[[@ref15]\] Yet, the daughter cells not having this stem cell marker cannot support implanted tumor growth. What these observations suggest is that only the cancer stem cells themselves participate in tumor recurrence and metastasis, the main factors that make cancers deadly.

One of the unsettled questions is whether the daughter cells can at some time dedifferentiate into cancer stems cells, which would create a moving target for cancer treatment and make cures much more difficult. Important in any context is the importance of killing both cancer stem cells and daughter cells of the tumor.

Three studies examined this issue in some detail.\[[@ref24][@ref38][@ref119]\] The Chen *et al.* study, an *in vivo* study using glioblastoma tumors, demonstrated that only killing the daughter cells, which make up the bulk of the tumor and are targeted by conventional treatments of cancer, always led to recurrence. Killing both the glioma stem cells and the daughter cells dramatically impeded growth. Importantly, killing both the glioma stem cells and the daughter cells appears to be essential to preventing recurrence.

The strongest evidence of cancer stem cells as the origin of cancers comes from two studies, the Dressens *et al.* study and the Schepers *et al.* study mentioned above.\[[@ref38][@ref119]\] In both studies, the researchers used a permanent *in vivo* fluorescent marker of stem cells. By using this method, both groups demonstrated that the tumors progressed from stem cell populations and as the tumor progressed, the number of cancer stem cells increased proportionally. They also demonstrated that cancers have a much higher number of stem cells than do benign tumors, and as benign tumors undergo a transition to a malignant form, they attain a greater number of cancer stem cells. Of real interest was the observation that nonstem cell tumors may revert to a stem cell-like state, even in the absence of mutations.\[[@ref89][@ref160]\] In essence, it is the microenvironment that determines stemness.

THE CENTRAL IMPORTANCE OF THE MICROENVIRONMENT OF THE TUMOR {#sec1-5}
===========================================================

Early history of inflammation in the development of cancer {#sec2-8}
----------------------------------------------------------

Rudolph Virchow, over 150 years ago, noted that at its earliest stages, all cancerous tumors were infiltrated with leukocytes of various kinds and that advanced tumors had characteristics of infectious boils.\[[@ref11]\] In fact, he noted that physicians at the time described pus extruding from cancerous tumors -- more likely a mixture of leukocytes and necrotic tumor matter.

More recent studies have confirmed his observations and that leukocyte infiltration occurs even in the precancerous phase of cancer development.\[[@ref53][@ref87]\] The story that is now unfolding is that this inflammatory microenvironment is essential to malignant transformation and the subsequent biological behavior of cancers, and that mere stimulation of cell proliferation, as was previously thought, is insufficient for cancer development.\[[@ref35]\] While it is still accepted that multiple mutations, often numbering in the hundreds, are responsible for the malignant transformation of cells, there is significant evidence to convince us that inflammatory generation of high concentrations of ROS and RNS, and LPPs are the damaging elements.

The link between inflammation and viral and chemical transformation of cells {#sec2-9}
----------------------------------------------------------------------------

An example of the central role played by inflammation is seen with malignancies induced by the Rous sarcoma virus. Without inflammation, the virus cannot induce malignant transformation.\[[@ref88]\] This also appears to be true with other carcinogenic viruses, such as the HPV virus, Epstein--Barr virus, and the hepatitis C virus.\[[@ref14][@ref133]\] Stomach cancers induced by *H. pylori* are also dependent on the proinflammatory cytokine IL-6 for their development.\[[@ref142]\] The most important question is not only what is the link between inflammation and stem cell transformation into cancer stem cells, but also, how is inflammation affecting ongoing tumor behavior.

Solid tumors and Inflammation -- How it works; other observations {#sec2-10}
-----------------------------------------------------------------

It is becoming evident that inflammation is playing a central role in tumor initiation, progression, invasion and metastasis -- that is, in every phase of the carcinogenic process.\[[@ref87][@ref98]\] Common to all tumors thus far examined is a combination of high levels of ROS and RNS and inflammation, which are closely linked.\[[@ref120]\] This is especially so with solid tumors such as pancreatic cancer, breast cancer, prostate cancer, lung cancer, cervical cancer, liver cancer, stomach cancer, and many others.

Inflammation is known to induce genomic instability, angiogenesis, alterations in the epigenomic state, stimulation of cell proliferation, increase in cytokine growth factors, generation of reactive oxygen and nitrogen species, induction of chemokine receptors on malignant cells, induction of COX-2 and activation of NFκB and STAT3.\[[@ref28][@ref31]\] This inflammatory milieu in the microenvironment remains in the vicinity of cancer cells throughout the malignant process.

The degree of inflammation appears to determine the proliferative potential of the tumor as well as its invasive and metastatic aggressiveness.\[[@ref138]\] Conditions that increase inflammation also promote aggressiveness and include tumor promoters, radiation, chemotherapeutic agents, dietary components, and persistent viral and bacterial infections.\[[@ref5][@ref66]\]

Recruitment of macrophages, neutrophils and mast cells increase nitric oxide (NO) levels within the tumor microenvironment and this promotes tumor proliferation.\[[@ref6]\] NO in the presence of superoxide, both increased in the tumor microenvironment, produces the powerful, DNA damaging radical peroxynitrite. In addition, these cells release high levels of proinflammatory cytokines, chemokines, and other immune mediators. It is becoming obvious that a successful immune attack, principally by the cellular immune arm, depends on the phenotype of macrophages and T-cells.\[[@ref33]\] Macrophages are thought to exists either in a cytotoxic M1 phenotype or a M2 anticytotoxic phenotype. Switching of the macrophage to an M1 phenotype provides powerful antitumor effects and explains the reports that have found high levels of immune cells in some tumors as conveying a better prognosis.\[[@ref130][@ref164]\] More often, invasion of inhibitory macrophages (tumor associated macrophages; TAMs) and mast cells indicates protumor immune-related growth stimulation. In addition, lymphocyte infiltration was assumed in the past to indicate a successful cytotoxic T-cell attack. Newer studies suggest that far too often these lymphocytes are regulatory T-cell (Tregs) that inhibit cytotoxic attacks on cancer cells.\[[@ref33]\] As a result, the Tregs and M1 macrophages protect the cancer from a successful immune attack.

Unfortunately, for most malignancies, macrophages are switched to an M2 immune-suppressing phenotype that allows the tumor to escape immune detection and destruction.\[[@ref40]\] The M2 phenotype also switches T-lymphocytes to Tregs that suppress tumor immunity. In this way, inflammatory mediators within the tumor microenvironment provide the tumor "immune invisibility."

One of the central control elements for immune tolerance under a variety of conditions is the tryptophan metabolizing enzyme indoleamine 2,3-dioxygenase (IDO), an enzyme found in all tissues, including tumor and immune cells.\[[@ref93]\] Activation of IDO induces immune tolerance to the tumor and promotes metastasis.\[[@ref136]\] IDO is overexpressed in malignant tumors and this leads to inflammatory suppression of antitumor immunity by suppressing cytotoxic T-lymphocytes. M1 macrophages and natural killer cells (NK cells), by stimulating the generation of high levels of immune suppressing Tregs, M2 macrophages and myeloid-derived suppressor cells (MDSCs), allows the tumor to grow and infiltrate unimpeded by the immune system.\[[@ref61][@ref145]\]

Studies have shown that small molecule inhibitors of IDO can cause rapid regression of aggressive tumors that are otherwise known to be treatment resistant.\[[@ref65]\] Chronic inflammation is a major factor causing prolonged upregulation of IDO in all tissues, including the brain.\[[@ref123]\] Under nonmalignant conditions, upregulation of IDO in the face of chronic inflammatory states is designed to reduce damage by Th1-type immune activation (increased immune reactivity). In the case of malignant disease, tumors hijack this enzyme to protect itself from immune detection and destruction.\[[@ref136]\]

Inflammation and oncogene activation within stem-like cells -- how cancers develop {#sec2-11}
----------------------------------------------------------------------------------

It is generally accepted that the trigger for conversion of normal somatic cells into malignant cells involved alteration in their genes controlling cell proliferations and/or tumor suppression/apoptosis. Newer evidence suggests that it is the stem cells in which activation of oncogenes is occurring.\[[@ref83][@ref162]\] The main driving force for this mutagenic transformation is exposure of these stem cells to high concentrations of ROS/RNS and LPPs, that is, within the presence of chronic inflammation either systemically or locally. Several oncogenes were identified as being commonly activated in a number of tumor types, such as RAS and MYC.\[[@ref100][@ref144]\] The RAS family are among the most frequently mutated dominant oncogenes in human cancers and are known to induce the production of tumor promoting chemokines and cytokines, that is, inflammatory mediators.\[[@ref48]\] In essence, what we are seeing is a transformation of stem-like cells into immortal cancer stem cells and their subsequent long-term production of additional inflammation by generating cytokines and chemokines. Because the tumor itself is antigenic and is releasing chemokines (immune cell attractants), it attracts an additional array of immune cells into the tumor\'s microenvironment as well. This creates a tumor microenvironment that is inflammatory throughout the life of the tumor.

The MYC oncogene is overexpressed in many human cancers and promotes the first wave of angiogenesis by stimulating the production of the inflammatory cytokine IL-1ß.\[[@ref127]\] In addition, this oncogene is responsible for the production of mast cell recruitment of chemokines.\[[@ref137]\] Mast cells drive angiogenesis.\[[@ref1]\]

The essential nature of inflammation in the initial stem cell transformation is emphasized by the findings that in the case of pancreatic adenocarcinoma both mutation of the oncogene K-RAS and pancreatitis are necessary for tumor cell development.\[[@ref48]\] Several lines of evidence show that a variety of types of oncogenes all coordinate inflammatory transcription programs necessary for angiogenesis and recruitment of myeloid immune suppressor cells, essential for tumor growth, and invasion.\[[@ref137]\]

According to the present hypothesis, activation of oncogenes results from damage to DNA by high levels of ROS/RNS and these are generated by smoldering inflammation, either systemically or locally at the site of tumor development. The tumor-initiating inflammation can results from a number of insults, such as trauma, chronic, smoldering infections, latent viruses, parasitic infections, chemical carcinogens, or autoimmune disorders. Most types of cancer are found to have high levels of ROS/RNS.\[[@ref82]\] These reactive species are associated with DNA-strand breaks, point mutations, and aberrant DNA cross-linking -- that is, genetic instability. As a result of this DNA damage, oncogenes are mutated or over expressed or in the case of tumor suppressor genes, are mutated and inactivated. In addition, mitochondrial DNA is also damaged and mitochondrial DNA is significantly more sensitive to free radical damage than is nuclear DNA.

Cell signaling and control of cancer stem cell behavior {#sec2-12}
-------------------------------------------------------

In general, adult stem cells are normally quiescent and this state is dependent on the microenvironment of the stem cell niche. This quiescence requires interaction with various cell types within and surrounding the niche or tumor bed.\[[@ref139]\] This can include endothelial cells and other stromal cells within the tumor microenvironment, as mentioned.\[[@ref89]\]

Quiescence is controlled by a number of cell signaling pathways, including p53, FoxO, HIF-1α, nuclear factor of activated T cells c1 (NFATc1),   Phosphatase and tensin homolog (PTEN), mammalian Target of Rapamycin (mTOR), bone morphagenic proteins (BMPs), transforming growth factor beta (TGF-β), thrombopoietin, angiopoietin-1 (ang-1), and Wnt/B-caterin signaling.\[[@ref77]\] Cancer stem cells can remain dormant for decades by utilizing these mechanisms and are totally resistant to traditional treatments during quiescence.

Granulocyte colony stimulating factor (G-CSF), interferon-α, and the chemokine CXCL12 can all mobilize dormant cancer stem cells into the circulation.\[[@ref77]\] Wnt signaling plays a major role in maintaining quiescence, thus allowing cancer stem cells to escape destruction by conventional treatments.\[[@ref77]\]

Nanog: A master controller of cancer behavior {#sec2-13}
---------------------------------------------

Newer studies are finding that the transcription factor nanog plays a major and central role in regulating pluipotency and tumorigenesis of cancer stem cells.\[[@ref17][@ref58][@ref151]\] The Nanog protein, as a transcription factor, is transported in and out of the cell nucleus where it activates a set of genes that can reprogram human somatic fibroblast into embryonic stem cell-like pluipotent cells.\[[@ref58]\] Nanog is found only in pluripotent cells and is absent from differentiated cells. It appears to be a gate-keeper during embryogenesis.\[[@ref17]\] The expression of Nanog is regulated by the cell-signaling factors Oct4 and Sox2. Leukemia inhibitory factor (LIF), a downstream effector of STAT3 (LIF/STAT3 pathway) is indispensible in maintain a pluripotent state as well.\[[@ref58]\]

Nanog is expressed in a number of cancers including cancer of the breast, cervix, kidney, prostate, lung, brain, ovary, gastric carcinoma, and oral cancers.\[[@ref58]\] Strong expression of nanog is an indicator of a poor prognosis in ovarian serous carcinoma, colorectal cancer, and breast cancer patients.\[[@ref76][@ref95]\] The expression of nanog is higher in cancer stem cells than nonstem cells. Importantly, overexpression of nanog increases cancer drug resistance and positively regulates cell motility and tumor metastasis. Knockdown of nanog impedes proliferation, migration, and invasion of cancer cells.\[[@ref134]\]

Another way overexpression of nanog promotes tumor aggressiveness, invasion, and metastasis is by activating Wnt signaling, which allows the cancer cells to adapt to the immune system, that is, it leads to immune escape. Both the cancer cells and surrounding stromal cells can express high levels of nanog.\[[@ref134]\] Interestingly, p53, the regulator of cell DNA damage, can also suppress nanog transcription, which decreases cancer stem cell self-renewal and promotes differentiation to nontumorigenic daughter cells. In essence, p53 can interfere with successful cancer stem cell survival. The p53 gene is mutated (suppressed) in over half of all cancers and may be operating at low activity in most others. This not only increases the risk that damaged stem cells would undergo malignant transformation, but would also releases p53 suppression by nanog, which would have the effect of increasing cancer cell proliferation, invasion, and metastasis. High levels of nanog are seen in malignant, high grade, and poorly differentiated cancers.

Sonic hedgehog, another cell signaling mechanism, also promotes cancer stem cell survival, tumor growth, and invasion in human glioma cells.\[[@ref27]\] STAT3, which plays a central role in immune escape of tumors by switching M1 macrophages to immunosuppressive M2 macrophages, also interacts with nanog to regulate its expression. By this interaction STAT3 plays an essential role in maintaining pluipotency.\[[@ref17]\] ß-catenin, a downstream activator of Wnt signaling, can stimulate self-renewal and proliferation of stem cells and enhance generation of cancers.\[[@ref45]\] Activation of ß-catenin and dysregulation of Wnt is commonly found in human cancers.\[[@ref105]\]

Micro RNA: New guys on the block {#sec2-14}
--------------------------------

These cell signaling pathways, in conjunction with the previously described quiescence cell signaling, play a major role in controlling tumor behavior, especially as regards invasiveness and metastatic potential. A great deal of attention is now being paid to another regulator of stem cells and this includes microRNA, short, noncoding fragments of RNA. MicroRNAs appear to control a great number of processes in cells and are especially important in regulation of stem cells. This is well documented both in embryogenesis and in cancers.\[[@ref86]\]

During brain development, CD133+ stem cells regulate cell differentiation and orientation.\[[@ref132]\] In the adult, these stem cells can undergo malignant transformation and dysregulation of stem cell control appears to play a major role in brain tumor development.\[[@ref132]\] Cancer stem cells have been identified in several primary brain tumors including glioblastomas, medulloblastomas, and ependymomas.\[[@ref132][@ref160]\] The CD133+ cancer stem cells are highly tumorigenic when implanted but even high concentrations of CD133-negative cells (daughter cells) do not form tumors when implanted in immune-suppressed animals.\[[@ref160]\] This indicates that the cancer stem cells are acting as the tumor seed cells and not the daughter cells.

As controllers of a number of cell processes, microRNA dysfunction can result in tumor progression and aggressiveness by inhibiting the normal microRNA functions that control tumor suppressor genes and by overexpression of microRNAs that promote stemness and stem cell self-renewal.\[[@ref141]\]

Studies have shown abundant levels of the microRNAs miR-9, miR-9^±^ in cancer stem cells of glioblastomas.\[[@ref122]\] One of the most highly expressed microRNAs in the adult brain, especially in neurons is miR128. Patients with high-grade gliomas show significant downregulation of miR128, whose main function is to inhibit stem cell self-renewal -- a process essential for tumor formation and aggression.\[[@ref135]\]

Downregulation of the microRNA miR-199b-5p is associated with metastatic spread of medulloblastoma cells.\[[@ref44]\] This microRNA suppresses Notch signaling, which reduces the number of medulloblastoma stem cells. Notch signaling plays a major role in maintaining glioma stem cell proliferation.

THE CENTRAL ROLE OF NUCLEAR FACTOR KAPPAB AND STAT3 IN TUMOR INFLAMMATION AND BIOLOGY {#sec1-6}
=====================================================================================

The central activating molecular processes in tumor initiation, invasion, and metastasis {#sec2-15}
----------------------------------------------------------------------------------------

Activation of NFκB is central to regulation of the inflammatory state of the tumor cells themselves and plays a major role in tumor biology.\[[@ref64][@ref78][@ref156]\] It also plays a major role in development and maintenance of the inflammatory microenvironment of the tumor, both during inflammatory activation within cancer stem cells and invading immune cells, in particular macrophages (TAMS) and lymphocytes. NFκB is a cell transcription factor that when activated translocates to the nucleus where it activates a number of genes controlling proinflammatory cytokines, chemokines, angiogenesis factors, cell cycling factors (cyclin D1), antiapoptosis factors (Bcl-2), COX-2 enzymes, and matrix metalloproteinases (MMPs).\[[@ref64]\] These NFκB controlled processes in turn drive proliferation, invasion, metastasis, angiogenesis, immune evasion, prostaglandin E2 (PGE2) generation, and resistance to apoptosis.

Most cancers demonstrate increased NFκB activation.\[[@ref64][@ref78]\] Higher levels of activation are associated with increased tumor size and vascularization, and hence metastasis.\[[@ref68]\] Several studies have shown that inhibition of NFκB reduced tumor incidence in cancer models and in breast cancer animal models inhibition of NFκB reduces metastasis.\[[@ref57][@ref84][@ref104]\] It should be appreciated that NFκB activation is not always pro-carcinogenic, and in certain situations activation can have anticarcinogenic effects.\[[@ref129]\] In most instances, NFκB activation in tumor cells and inflammatory immune cells in the microenvironment promote cancer growth, invasion and metastasis. With both tumor cells and immune cells activation of NFκB occurs by way of stimulation of toll-like receptors (TLRs), as we see with the wide variety of toxic agents and conditions known to trigger oncogenesis.\[[@ref118]\]

Hypoxia link to inflammation and cancer {#sec2-16}
---------------------------------------

Hypoxia, which plays a major role in tumor induction as well as maintenance, activates hypoxia inducible factor-1α (HIF-1α), which in turn activates NFκB.\[[@ref96][@ref121]\] With tumors, hypoxia can occur as a result of inflammation itself, hypoxia from medical conditions and when the tumor outgrows its blood supply. The release of HIF-1α, in turn, increases the release of the proinflammatory cytokines and growth factors from tumors cells and immune cells such as TNF-α, and promotes the insertion of CXCR4 in the membranes of tumor cells, a chemokine receptor associated with increased invasion and metastasis of cancers.\[[@ref10][@ref121]\] HIF-1α also increases angiogenesis through these same cell-signaling pathways. What is occurring is that during conditions of hypoxia, no matter the initial cause, HIF-1α is released into the microenvironment and this cell-signaling factor further enhances inflammation in the microenvironment by both attracting additional inflammatory immune cells and by stimulating the release of proinflammatory cytokines from both tumor cells and the invading immune cells.

The role played by STAT3 {#sec2-17}
------------------------

STAT3, another inflammation controlling transcription factor, also plays an essential role in the tumor inflammatory microenvironment and therefore tumor behavior.\[[@ref71]\] Like NFκB, STAT3 is activated by a number of cell signaling systems and in turn activates an assortment of genes controlling inflammation and immune evasion within immune cells. It is a point of convergence for numerous oncogenic signaling pathways controlling such things as antitumor immunity by inhibiting maturation of dendritic cells, thus suppressing macrophage and cytotoxic T-cell reactivity against tumor cells.\[[@ref72]\]

Once a condition of protumor immunity is activated, the tumor, by switching Th1 cytotoxic immunity to Th2 type immunity (an immune suppressing phenotype) in the immune cells, allows the cancer to grow unimpeded by the immune cytotoxic system. A key element in this immune suppression is the generation of large numbers of interleukin-10 (IL-10) producing immune cells.\[[@ref36]\] IL-10 suppresses both the adaptive and innate immune systems.

Proinflammatory cytokines, such as IL-1ß, IL-2, IL-6, IL-17, and IL-23, can act through the STAT3 signaling system. For example, IL-6 is a growth stimulating cytokine that is associated with rapid growth and invasion of a number of cancers, including ovarian cancer, prostate cancer, nonsmall cell lung cancer, squamous cell carcinoma of the head and neck, lymphomas and gastric carcinomas induced by *H. pylori*.\[[@ref25][@ref81]\] IL-6\'s main interaction is with STAT3, which promotes tumor growth, invasion, and metastasis.

INVASION AND METASTASIS: MOLECULAR BASIS OF METASTASIS {#sec1-7}
======================================================

Chemokines {#sec2-18}
----------

Of particular interest is the strong link between inflammation and invasion and metastasis of cancers. In some animal studies, inflammation was necessary for a cancer to metastasize.\[[@ref9][@ref57]\] One consistently demonstrated example of this association has been the finding that elevated IL-6 levels, a proinflammatory cytokine, are associated with decreased survival and a shortened disease-free recurrence time for breast, pancreatic, gastric, prostate, and lung cancers.\[[@ref39][@ref41][@ref79][@ref112]\]

A strong relationship also exists between the presence of chemokine receptors and metastasis.\[[@ref8][@ref96]\] These receptors, in conjunction with their ligands, not only attract increasing numbers of immune cells to the microenvironment, but also when appearing on the cancer cells themselves stimulate mobility of these malignant cells. This has been shown to drive metastasis to distant sites and that the specific sites of metastasis are also chosen based on the presence of these chemokine receptors.\[[@ref26][@ref63][@ref115]\]

One of the better-studied chemokine receptors includes CXCR4 and its ligand CXCL12, which is frequently expressed by malignant cells. Studies have shown that the amount of CXCR4 receptor expressed by primary tumors correlates with the extent to which metastasis to regional lymph nodes occurs. This is has been demonstrated for breast, colorectal, liver, and esophageal cancers.\[[@ref63][@ref115]\]

Other chemokine receptors expressed by malignant cells include CX3CR1, CCR1, CCR7, CCR9, CCR10, CXCR1, CXCR2, CXCR3, CXCR5, and CXCR7. Interestingly, malignant melanomas express a number of chemokine receptors and may explain its high propensity to metastasize to a number of sites.\[[@ref103][@ref116]\] The CCR9 chemokine receptor, as an example, attracts melanomas to the small intestine and CCR7 correlates with lymph node metastasis.

Normally, tissues such as epithelial cells and mesenchymal cells do not express chemokine receptors but the appearance of these chemokine receptors occurs early with malignant transformation.\[[@ref96][@ref115]\] The invasive capacity of cancer cells increase in the presence of proinflammatory cytokines and part of this effect may be that cytokines, such as TNF-α, upregulate the expression of chemokine receptors.\[[@ref74]\]

Suppression of chemokines and effect on tumor cell invasion {#sec2-19}
-----------------------------------------------------------

Suppressing inflammatory cell signaling has been shown to significantly reduce metastatic spread in animal models of prostate cancer, for example.\[[@ref84]\] Specifically involved in the metastatic process are macrophages. Using a genetic model of breast cancer, researchers found that macrophage-deficient mice developed the tumor normally, but it would not metastasize to the lung.\[[@ref29]\] TAMs appear to be major players in controlling tumor biology, including angiogenesis, invasion, and metastasis.\[[@ref87]\] TAMs are attracted to the tumor, beginning at the earliest stages of carcinogenesis, by chemokines.

MACROPHAGE CONVERSION AIDING TUMOR CELL INVASION {#sec1-8}
================================================

Switching from the antitumor M1 phenotype macrophage to the M2 protumor mode is accomplished by activation of NFκB and this promotes proliferations, invasion, and metastasis of the tumor.\[[@ref70][@ref164][@ref165]\] TAMs promote angiogenesis and lymphangiogenesis as well as promoting immune escape and therefore increase the likelihood of metastasis.\[[@ref60]\] A recent study found the presence of M2 macrophages in the tumor stroma, but not tumor nest, was a strong marker for tumor size, invasion risk, and as an independent prognostic factor for reducing breast cancer survival.\[[@ref90]\]

Important in the switching process of macrophages from M1 to M2 phenotype is TGF-ß, an inflammation-triggered mediator of immune suppression as well as the generation and release of MMPs enzymes by cancer cells. MMPs promote tumor invasion and high levels are an independent risk factor for a poor prognosis.\[[@ref73]\]

Tumor microenvironment: Special characteristics {#sec2-20}
-----------------------------------------------

An inflammatory microenvironment plays a key role in this conversion of stem cells into cancer stem cells, and newer research is finding that cells in the stroma have a major influence on stem cell behavior. For example, Rao *et al.* found that endothelial cells play a critical role in the development and behavior of glioblastoma multiforme tumors by regulating the release of the chemokine CXCL12.\[[@ref107]\] The influence of stroma cells in this process has been demonstrated for other cancers as well.\[[@ref89]\]

A critically important aspect of tumor microenvironment is hypoxia, as mentioned above, especially cyclic hypoxia. It has been shown that hypoxia can predict the likelihood of tumor aggressiveness, invasion, metastasis, tumor recurrence, resistance to chemotherapy and radiotherapy, and patient survival.\[[@ref51][@ref55][@ref59]\]

Hypoxia, by increasing the release of HIF-1α in the microenvironment, induces the expression of the chemokine receptor CXCR4 on the membrane surface of stem cells, which is responsible for migration and metastasis of cancer stem cells.\[[@ref86]\] One way hypoxia increases stem cell aggressiveness is by activating NADPH oxidase within tumor cells, which has been demonstrated in glioblastoma tumor cells.\[[@ref56]\] This leads to the production of high levels of ROS -- principally the superoxide radical, which rapidly reacts with NO to form the powerful radical peroxynitrite.\[[@ref56]\] This radical powerfully inhibits mitochondrial function leading to the production of a whole array of ROS.

Another characteristic of cancer stem cells is their resistance to chemotherapy and radiotherapy. Currently used chemotherapeutic drugs can often dramatically shrink metastatic tumors, but these effects are usually quite transient and do not significantly extend the life of the patient. In essence, the chemotherapy drugs are killing only daughter cells and not cancer stem cells.\[[@ref140]\] This resistance to treatment appears to be based on the high level of antiapoptotic proteins or ABC transporters such as the MDR gene produced by the cancer stem cell.\[[@ref167]\] In essence, these cell mechanisms are escorting chemotherapeutic drugs from the cancer stem cell and in combination with overexpression of antiapoptotic proteins, such as bcl-2, cell death is prevented. Of real importance is the observation that following treatment with chemotherapy and radiotherapy, regrowth of the tumor produces a much more aggressive tumor.\[[@ref42][@ref106]\]

NATURAL MOLECULAR AGENTS AND THEIR POTENTIAL EFFECT ON CANCER {#sec1-9}
=============================================================

Natural molecular agents {#sec2-21}
------------------------

For example, resveratrol, curcumin, quercetin, hesperidin, luteolin, apigenin, naringenin, urolic acid, and silymarin have all been shown to have powerful inhibitory effects on tumor mechanism without toxicity to normal cells.\[[@ref18][@ref22][@ref99][@ref102][@ref108][@ref124][@ref159]\] Curcumin, which alters a great number of inflammatory cell signaling mechanisms, is one of several compounds found thus far that suppresses NFκB and STAT3.\[[@ref3][@ref157]\] Curcumin has also been shown to inhibit MDSCs and prevented their interaction with tumor cells; MDSCs promote tumor growth, angiogenesis, and tumor progression.\[[@ref146]\] The beauty of these natural compounds is that they do not affect physiological mechanisms in normal cells utilizing these cell signaling pathways.

The natural compounds, including flavonoids, special molecules, and certain vitamins and minerals, have also been shown to reverse MDR and radioresistance in tumors.\[[@ref34][@ref31][@ref128][@ref131][@ref152]\] Several of these natural compounds can re-activate p53 activity, the suicide gene that prevents the conversion of damaged cells into cancer cells.

The alteration of the immune system in the response to cancer by natural molecular agents {#sec2-22}
-----------------------------------------------------------------------------------------

Increasing evidence indicates that the immune system, especially cellular immunity, is a major barrier to successful tumor growth and persistence.\[[@ref52][@ref69]\] One of the problems in cancer treatment is that stem cells release factors that inhibit antitumor immunity and essentially cloak the cancer, making it invisible to the immune system. Activation of NFκB plays a major role in tumor-induced immune evasion. Some natural products can increase the levels of STAT1, which stimulates macrophage antitumor activity (M1 macrophages) and also by suppressing STAT3 they remove the immune cloaking by the stem cells.\[[@ref91][@ref150]\] Inhibiting NFκB activation has been shown to promote switching from the M2 protumor (immune suppressing) phenotype to an antitumor M1 macrophage phenotype.\[[@ref70]\] A number of the flavonoids inhibit NFκB, such as curcumin, quercetin, baicalein, silibinin, silymarin, hesperidin, luteolin, procyanidins, and catechins. Flavonoids can also inhibit STAT3 and include quercetin, epigallocatechin-3-gallate (EGCG), naringenin, Kaempferol, resveratrol, and apigenin.\[[@ref21][@ref80][@ref125][@ref155][@ref161]\]

Natural molecular agents and their influence in reversing the resistance to radiation and chemotherapy {#sec2-23}
------------------------------------------------------------------------------------------------------

Several studies have shown that a number of natural products can enhance the cancer cell killing effects of conventional treatments, including radiotherapy, and at the same time protect normal cells from damage by these treatments -- the best of all worlds.\[[@ref75][@ref143][@ref149][@ref150]\]

A number of natural products have shown an ability to reverse chemotherapy drug resistance, including an ability to restore apoptotic mechanisms such as p53 activity.\[[@ref43][@ref47][@ref153][@ref158]\] Of great importance is the discovery that several natural products can kill cancer stem cells.\[[@ref67][@ref126]\] It may be that some of these natural products may also promote the conversion of cancer stem cells back to normal somatic stem cells. Yet, despite the compelling evidence that a number of natural products have powerful anticancer effects on a great number of types of cancer, even the most resistant forms of cancer, oncologists continue to warn their patients not to take antioxidant\'s natural products. Some patients are even told not to eat vegetables as they interfere with cancer treatments.

Low toxicity of natural molecular agents {#sec2-24}
----------------------------------------

When I practiced neurosurgery, I gave all of my cancer patients selected anticancer natural products, primarily curcumin, quercetin, mixed tocopherols, vitamin C, and resveratrol and have never observed interference with conventional treatments. Dr Jerome Block, former chief of the Division of Medical Oncology/Hematology at Harbor UCLA Medical Center not only used complementary nutraceuticals in his cancer patients, but also taught visiting doctors on their use.\[[@ref13]\] In a conversation, Dr Block told me that in 30 years of practicing oncology he had never observed interference with conventional treatments when using selected nutriceuticals, most of which had powerful antioxidant/antiinflammatory activity. I emphasize the word "selected" as some antioxidants can interfere with specific chemotherpeutic agents. The flavonoids, mixed tocopherols/tocotrienols, vitamin C,   docosahexaenoic acid (DHA), selenium, magnesium, and biacalein do not interfere with these treatments, rather they enhance their tumor killing ability.

Why the traditional Western diet may be proinflammatory and procarcinogenic {#sec2-25}
---------------------------------------------------------------------------

Physicians treating cancer should be aware of the fact that most of the omega-6 oils, such as corn, safflower, sunflower, peanut, and soybean oils, promote tumor proliferation, invasion, and metastasis. The main reason is that these oils are proinflammatory. Americans eating the typical Western diet consume 50-fold higher levels of the oils than are needed for good health. High sugar intake also promotes inflammation and cancer growth and invasion. Finally, glutamate and the other excitatory amino acids (aspartate, homocysteic acid, and cysteic acid) also promote tumor proliferation, invasion, and metastasis. Many hospital feeding formula contain high levels of glutamate and rarely are cancer patients told to avoid glutamate additives, aspartame, or foods naturally high in glutamate.

CONCLUSIONS {#sec1-10}
===========

In this Hypothesis on the Genesis of Cancer paper, what we have learned after 43 years of the war on cancer is that we managed to overlook a critical mechanism that was correctly recognized over 150 years ago, mainly that inflammation is at the center of the cancer process. Our investment also allowed us to correct our having overlooked another important piece of the puzzle -- that not all cells can become cancer, rather stem cells appear to be the major cell type involved.

These two changes in our thinking may well lead to a dramatic reduction in cancer development and may change the way we treat established cancers by changing our targets. Over the past 40 years, we have learned an enormous amount about cell signaling and how it is altered in cancer cells. Two of the most important systems are transcription control mechanisms of gene activation known as NFκB and STAT3. It is through these transcription pathways that cancers are formed, proliferate, develop a blood supply (angiogenesis), invade surrounding tissues (including blood and lymphatic vessels), and metastasized to distant sites.

Nonsteroidal antiinflammatory medications and aspirin have shown a significant ability to suppress inflammation and thereby alter the cancer process. A growing number of natural molecular products and their extracts are showing an ability to suppress multiple pathways involved in the cancer process, including suppression of NFκB and STAT3 in the plant and animal kingdom.

Presently, human trials and responses to these natural substances have been hampered by poor absorption and bioavailability of these extracts but newer techniques, such as nanosizing and microencapsulation with phospholipids, have greatly improved both gut absorption and bioavailability. When combined with dietary programs designed to utilize what we now know about the anticancer effects of various foods can greatly improve the prevention and treatment of cancers.

The vast majority of the natural products found to have powerful and versatile anticancer effects have shown a very wide margin of safety. Curcumin, for example, in extremely high doses is nontoxic to normal cells and tissues. One can appreciate the careful testing of manufactured drugs, as most have extremely high toxicity and treatment concentrations are often close to fatal systemic toxic effects.

The fact that these natural compounds are powerful anticancer agents when used alone and significantly improve conventional chemotherapy and radiation therapy treatments, plus the fact that they protect normal tissues and cells, is reason enough to begin use of these valuable agents now, both as cancer preventatives and in the treatment of established cancers. The patients with advanced cancers or high aggressive cancers cannot afford to wait another 10 years while these safe compounds are tested for years as if they were dangerous drugs.
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